Abstract In this study, the growth rate, gut fullness, diet composition and spatial distribution of brown trout was compared between artificial channels with and without fine wood (FW). Access to FW resulted in significantly lower brown trout growth rates over the study period from late summer to early winter as water temperatures declined from 17°C to 1°C. Access to FW resulted in minor differences in occurrence of the most common taxa found in brown trout diets, except for chironomid larvae which were found in c. 60% of the brown trout guts from control treatments but in only 30% of the guts from FW treatments in early winter. Diet consisted primarily of case-bearing and free-living Trichoptera larvae, Asellus, chironomid and Ephemeroptera larvae. Brown trout gut fullness was not significantly affected by access to FW bundles. Brown trout aggregated among FW but were more evenly distributed in channels lacking it. Our results suggest that juvenile brown trout use FW as a shelter at a wide range of water temperatures, and that this behaviour may result in reduced growth rates during their first fall and the onset of their first winter. We also show that prey availability and the composition of brown trout diet changes from late summer to early winter and that FW has a small but significant effect on brown trout diet composition.
Introduction
Stream fish juveniles often face a trade-off between optimal growth and survival, and this trade-off is affected by predator presence and shelter access (Werner et al. 1983; Gilliam and Fraser 1987) . Shelter use by salmonids has been considered primarily an anti-predatory behaviour (Valdimarsson and Metcalfe 1998) , and is therefore often accompanied by non-consumptive predation effects such as decreased growth (Teichert et al. 2010; Höjesjö et al. 2014; Kiffney et al. 2014; Larranaga and Steingrímsson 2015) . This decrease in growth may possibly be due to density dependent processes such as depleted food resources inside of the shelter, as it has been shown that growth and survival rates of streamliving salmonids are density dependent (Lobón-Cerviá 2007; Vøllestad and Olsen 2008) . Although shelter access and use relate to reduced growth rates, they sometimes result in the opposite, namely energetic benefits and enhanced growth (Coulston and Maughan 1983; Fausch 1984 Fausch , 1993 Finstad et al. 2007; Hoogenboom et al. 2013) . These contradictory results indicate that there is a lack of understanding of the total effect of shelter access on the growth and survival of juvenile stream salmonids. Shelter access can mean either an opportunity to passively hide from predators, which could decrease growth (Höjesjö et al. 2014; Kiffney et al. 2014) , or a possibility to reduce swimming costs when drift feeding, which could increase growth (Fausch 1984 (Fausch , 1993 Finstad et al. 2007 ).
An increase in the amount of diversified habitat structure, e.g. fine stream wood, has the potential to affect stream-living salmonids both by increasing the availability of shelters, and by offering a beneficial microhabitat for colonizing stream invertebrates. Several studies have shown that prey availability of streamliving salmonids is positively affected by the presence of instream structures (Spänhoff and Cleven 2010; Gustafsson et al. 2014; Herdrich et al. 2015; Enefalk and Bergman 2016b) , and this greater prey availability could potentially increase salmonid growth. Also, growth can be increased due to the energetic benefits of reduced swimming costs when the salmonid forage from a focal point in a shelter, instead of foraging in faster flowing water (Fausch 1984 (Fausch , 1993 . However, sheltering stream-living salmonids may experience a decreased drift foraging rate and success (Gustafsson et al. 2012; Enefalk and Bergman 2016a) , similar to the decreased foraging of other predatory fish in highly structured microhabitats (e.g., Gotceitas and Colgan 1989) . Several authors have acknowledged that brown trout diet varies with prey availability, habitat choice, temperature and season (Kreivi et al. 1999; Syrjänen et al. 2011; Giller and Greenberg 2015) . Thus, in highly structured microhabitats and at low temperatures trout may shift from drift to epibenthic feeding (Cunjak and Power 1987; Kreivi et al. 1999; Heggenes et al. 2018) . This ability to shift foraging mode suggests that even if instream structures may impede drift feeding, their effect on trout diet and gut fullness may be smaller during the cold period of the year, when drift feeding is less important.
Wood is a common in-stream structure that provides shelter to forest stream organisms, and its abundance is subject to human forestry influences (Flebbe and Dolloff 1995) . The size of wood pieces in a natural stream ranges from twigs to entire trees, and it can be categorized into Blarge wood^(LW) and Bfine wood( FW). There are no general definitions of these categories, although it is common to refer to pieces >10 cm in diameter as LW, and pieces <7-10 cm in diameter as FW (formerly often Blarge/coarse woody debris^, LWD/ CWD, and Bfine woody debris^, FWD; Woodall and Liknes 2008) . The use of LW and FW varies by sizeclasses of fish. Young-of-the-year salmonids prefer to shelter among FW (Culp et al. 1996) and avoid LW, which is preferred by larger conspecifics (Antón et al. 2011; Langford et al. 2012) . Although the use of LW by salmonids has been extensively studied far less is known about salmonid use of FW.
The purpose of this study was to experimentally test the effect of FW on growth, diet and distribution of juvenile brown trout in a boreal, outdoor artificial channel system from late summer to early winter. We hypothesized that 1) brown trout aggregate in FW bundles, as juvenile salmonids are known to prefer shelter-rich habitats (e.g. Dolinsek et al. 2007) , 2) the overall diet composition differs between FW and control treatments, due to reduced drift-feeding and increased epibenthic feeding inside of FW shelters, and 3) brown trout experience reduced growth and gut fullness when FW is present, caused by an increase in the time spent passively sheltering and thereby a decrease in the time spent foraging.
Material and methods
The experiment was conducted in six outdoor seminatural stream channels, 25.5 m long and 1.5 m wide, at the research station of Natural Resources Institute Finland (Luke) in Paltamo, northern Finland (64°30' N; 27°10' E). The streambed consisted of a 10-15 cm layer of coarse gravel/pebble (20-35 mm in diameter), and the channels shared the same water source drained from the nearby Lake Kivesjärvi, thus having the same temperature regime (at the start of the experiment in late summer 17.1°C, at the end in early winter 1.1°C; Fig. 1 ). Water flows through the channels throughout the year, and the channels are known to support an invertebrate fauna similar to that of a nearby river in terms of species composition and total density (3500 ind. m -2 , SD = 971.6; Korsu et al. 2009 ). All the channels received a discharge regime of 59 ± 5 L s -1 (mean ± 1 SD) regulated by valves in the upstream ends of the channels.
Each of the stream channels was divided into three 8.5 m long sections with wire mesh panels (mesh size 6 mm) that were not permeable to young brown trout (Fig. 2) . Meandering water flow pattern was created in each of the channel sections by placing three equilateral triangle-shaped gravel deflectors (side length 0.5 m) protruding the water surface, two on one side of the channel and the third on the other, placed about 1 m apart along the section lengths between 2.5 m -6.0 m from the downstream end. The water covered area was 12 m 2 per section. In addition, in each of the sections two bricks with an arch underside (height 4 cm) were placed to provide sheltering sites for fish at the section lengths 2.2 m -2.5 m from the downstream end. Water depth and water column velocity (at 0.6×depth) in each of the sections were recorded at three points in eight cross-sectional transects placed 1 m apart (n=24 points for each section), yielding similar water depth (FW: mean 16.1 ± 1.2 cm; control: 16.3 ± 1.2 cm; GLM for depth between treatments: estimate ± S.E. = 0.19 ± 0.59, t = 0.33, p = 0.746) and flow velocity (FW: mean 24.4 ± 2.6 cm s-1; control: mean 24.9 ± 2.1 cm s-1;, GLM for velocity: estimate ± S.E. = 0.45 ± 1.33, t = 0.34, p = 0.735; see BStatistical analyses^for more information about model selection) in all channel sections.
Our study design followed the logic of stratified random design (Fig. 2) . From the 18 stream channel sections available, equal number of sections were assigned to treatments: i) FW (fine wood added), and ii) control (no fine wood added). We used a FW load that equaled 50 m 3 of wood ha -1 of stream bottom surface. This density was chosen as we found no data on FW density in pristine boreal forest streams, and therefore assumed that a suitable FW density was within the density range of large wood in Scandinavian oldgrowth forests (25-94 m 3 of large wood ha -1 forest floor; Dahlström and Nilsson 2004) . In our study, willow sticks (Salix sp.), about 1 m long and with a diameter of 1 cm, were collected in early June, tied up in loose bundles of 25-26 sticks, and placed in the channels for waterlogging until the start of the experiment in late summer. Similarly, small bundles composed of 25 Salix sticks [20 cm long, with the same diameter (1 cm)] were also placed in the channels for waterlogging to serve a probe into how invertebrates colonized the FW sticks.
The brown trout used in the experiment were bred and incubated in Luke's hatchery at the Kuusamo Fish Farm, Finland. They were transferred to the experimental stream channels in their late yolk-sac phase in early June (n=175 each channel). After living about two months in the artificial streams, all of the survived brown trout were collected by multi-pass sampling with a DC electro- ). After the multi-pass sampling, we dropped the flow and water level in the channels, and made a careful visual search for brown trout to ensure that all the fish were removed from the channels. From the tank, 360 fish were randomly selected for the experiment, measured for their fork length and mass, and tagged with an individually coded passive integrated transponder (PIT) tag (tag model HDX Oregon RFID, tag size 12 mm×2.15 mm, weight 0.1 g) under anaesthetization with clove oil under standard laboratory conditions.
We considered juveniles used in this experiment as Bwild^in terms of their sheltering behavior (Griffiths and Armstrong 2002) as they originated from parents from the River Kuusinkijoki, North-Eastern Finland, (66°14' N, 29°41' E), which has its own, genetically divergent, adfluvial brown trout stock (Huusko et al. 1990; Lemopoulos et al. 2018) . Also, they spent their entire life as feeding parr in the artificial stream channels. We acknowledge however, that salmonid strains maintained in hatcheries may eventually develop behaviors different from those of their wild conspecifics, because of selection for other traits in the hatchery than under natural conditions (Jonsson and Jonsson 2011) . It is thus possible that the brown trout used by us were braver, i.e. sheltered less, than wild-born brown trout would do (Álvarez and Nicieza 2003; Jonsson and Jonsson 2011) .
After removing the fish from the channels in late summer, the channels were divided into sections as described above. Each of the FW sections received eight waterlogged willow stick bundles placed in the upstream area of the sections with 6.5 m of free-flowing water downstream of the FW in each section (Fig. 2) . Three small bundles for sampling of colonization were also added among the large bundles in each channel section treated with FW. Thereafter, each channel section was stocked with 20 brown trout individuals, yielding mean fork length of 78 ± 5 mm (mean ± 1 SD) for FW, and 79 ± 5mm for controls (GLM between treatments for length: estimate ± S.E = -0.051 ± 0.531, t = -0.627, p = 0.670), and mean mass of 5.5 ± 1.1 g for the FW, and 5.5 ± 1.1 g for the controls (GLM between treatments for mass: estimate ± S.E. = -0.051 ± 0.120, t = -0.420, p = 0.670). The fish density corresponded to a biomass of 110 g per section, or 9.2 g m -2
. The fish density used was well within the range of densities of juvenile brown trout in streams of Scandinavia (Korsu et al. 2009 ).
The study started on 17th August and ended on 11 December 2013 (i.e. the total study period in the experiment). To analyze growth and diet, the study period was split into three subperiods and fish sampled on 12 September (subperiod 1, early fall), 10 October (subperiod 2, late fall) and 11 December (subperiod 3, early winter; Fig. 1 ). Brown trout were caught from the experimental arenas each time by a DC electroshocker (one-pass fishing per a section), and anaesthetized with clove oil, identified by their PIT tag number, and measured for their fork length and mass. Their stomach content was flushed (Robertson 1945; Hynes 1980; Kamler and Pope 2001 ) for a food sample, and preserved in 90% ethanol. After the recovery from anaesthetization the trout were introduced back into their treatment section.
When sampling in subperiod 1, we randomly sampled only 10 brown trout per section from the catch (rest of fish released back to the section) to avoid negative effects of electrofishing and handling on the brown trout and invertebrates as much as possible. In subperiods 2 and 3, the whole catch was sampled resulting in an average sample size of 17.9 brown trout per section (range 13-20) in subperiod 2, and an average of 15.9 brown trout per section (range 10-19) in subperiod 3. During the course of the experiment, we lost a total of seven brown trout due to electrofishing and anesthetization, and three brown trout died by other, unknown reasons. Six channel sections thus had a population size of 19 brown trout at the end of the experiment, two sections were inhabited by 18 brown trout, and ten sections by the initial 20 brown trout.
For each measured fish a standardized mass specific growth rate (SGR, Ω%; Ostrovsky 1995) was calculated, applying an allometric mass exponent for the relation between the specific growth rate and body mass fixed at 0.308 for brown trout (Elliott et al. 1995) :
where M 0 and M t are the respective body mass (g) at the beginning and end of each time period analyzed, t is the duration of the experimental period (days) and b is the allometric mass exponent.
To determine prey abundance within experimental channels, we sampled benthic invertebrates using Surber-sampler (frame 20 cm x 20 cm, with 0.4 mm mesh size) at two different sections treated with FW, and two control sections. Sampling was done before the electrofishing in all the subperiods (i.e. two samples per treatment per sampling time). In addition, one of the small stick bundles per FW treatment section was carefully lifted into a box as such (total of nine samples per sampling time). Both Surber-samples and stick bundle-samples (including sticks) were preserved in 90% ethanol, and later examined for invertebrate numbers, orders and, when possible, families and genera under standard laboratory conditions.
Out of each sampling subperiod, 7-10 stomach samples per channel section were analyzed. Of the individuals scanned for diet, 135 were sampled at all subsequent three subperiods. Thirty individuals were sampled for gut contents in subperiods 1 and 2 only, and not caught in subperiod 3 but replaced with gut samples from 30 other individuals. The stomach samples were scanned for proportion of occurrence (proportion of guts containing each prey type) for invertebrate orders and, when possible, families and genera. We used proportion of occurrence as the samples contained unidentifiable partially digested prey which made it impossible to collect unambiguous data on counts or lengths of each separate prey item (see Baker et al. 2014 ). To get a rough estimate of the bulk of the gut contents, the samples were blotted on tissue paper for 1 min (Dermott and Paterson 1974) and thereafter weighed to the nearest 0.1 mg using a Sartorius BP110 S analytical balance (Sigma-Aldrich). From this, we calculated the relative gut fullness of each individual (relative wet weight of stomach content = (100×mass of ethanol-preserved gut content) / fresh wet mass of fish individual). We then calculated mean values per channel section for proportion of occurrence and gut fullness.
The daytime distribution of trout in FW and control treatments was determined by slowly moving a customized portable PIT-antenna (Texas Instruments TIRIS S-2000; Linnansaari et al. 2007 ), fitted to a 3 m long handle, approximately <20 cm above the water surface in an upstream direction to record the position of individual brown trout on a map of each section (Roussel et al. 2000; Hill et al. 2006; Cucherousset et al. 2010; Ellis et al. 2013; Banish et al. 2016 ). Brown trout daytime distributions were measured once in all the subperiods. This sampling method has a potential to affect the behavior of the brown trout, i.e., the fish may respond to a perceived threat from the PITantenna or the person using it despite of the long handle and hiding behavior by the committed technician. In a study of Atlantic salmon (Salmo salar) parr, 24% of the individuals fled from a PIT-antenna in shallow, clear, calm, warm water (18-20°C) but no fish fled in cold water (<3°C) regardless of water depth and velocity (Ellis et al. 2013; see also Hill et al. 2006) . To this end, in our experimental channels the conditions during the tracking were optimal for detecting true fish locations [PIT-trackings done at noon under overcast weather, in relatively brownish water (about 60 mgPt l -1 ) with broken water surface due to flow structure, i.e. the conditions indicating very weak potential for fright bias (Hill et al. 2006; Ellis et al. 2013) ]. Therefore, we consider that the PIT-tracking method used and the fish positioning data sampled accurately reveal the habitat use of brown trout in the experimental arenas.
Statistical analyses
To determine effects of FW on growth, the differences in mass-specific growth rates (SGR) among treatments were initially analyzed using a linear mixed effects model (LMM: function in package nlme; Pinheiro and Bates 2000; Pinheiro et al. 2017 ). In the model selection process with mixed effects models, both fixed effects and the random-effects structure need to be selected with care. If random effects are poorly chosen, this will also affect fixed effects, as random effects are then included in the standard errors of the slopes for fixed effects. For model selection in this study, we followed the top-down strategy (West et al. 2006 ) recommended by Zuur et al. (2009) . Thus, our initial Bfull modelî ncluded the main effects of treatment (FW or control) and sampling periods (entire study period = from early summer to early winter, or study period divided into three subperiods: 1= from early fall to early fall; 2 = from early fall to late fall; 3 = from late fall to early winter) and their two-way interaction as fixed effects, and channels and sections nested within channels as random variables (Eq. 1).
where 1|Channel denotes the random variable, and 1|Channel/Section denotes the sections nested within channels.
In the process of finding the optimal random structure, we used the comparisons of log-likelihoods of the proceeding models. As our initial random effects were both found to be non-significant (i.e., they did not improve model fit significantly), they were removed from the model (see Zuur et al. 2009 ). Thus, our final analysis consisted of a generalized linear model fitted with the function Bglm^(in package stats; R Development Core Team 2017) with only fixed variables included (Eq. 2).
Response∼Treatment

* Period ð2Þ
The similar model selection procedure was used for the density of benthic invertebrates on bottom pebbles and gravel. However, as our sample size was relatively small and concentrated only on existing invertebrates at the time, densities were analysed separately for each of the sampling period. Thus, the final model included treatment as a fixed effect and sections nested within channels as a random effect (Eq. 3).
Response∼Treatment þ 1jChannel=Section: ð3Þ
As for benthic densities, analyses on the proportion of occurrence of prey in fish diet were performed separately for each subperiod to exclude the possible bias caused by natural variation of taxa occurrence. To analyze diet separately for each time period also eliminated potential bias due to the fact that we largely analyzed gut contents from the same individuals at the three sampling occasions. We only analyzed the five prey groups occurring in ≥14% of the guts on each of the sampling occasions: larvae of case-bearing and free-living Trichoptera, Asellus and larvae of Chironomidae and Ephemeroptera. After model selection, the final glmmodel included the main effect of FW as fixed effect, and no random effect was found to improve the model. The effect of FW on relative gut fullness (logit-transformed; package car; Fox and Weisberg 2017) was analyzed with a similar glm-model as the previous one (Eq. 2).
To study trout distribution, we analyzed the longitudinal distance of fish individuals from the downstream end of each stream channel section. The model selection procedure followed again the same procedure. The final glm-model included the main effect of FW as fixed effect (Eq. 2), and analyses were performed separately for the three sampling dates. The latitudinal distance was not included in the model, as the FW covered the entire width of the stream channel.
The fit of all models was inspected by residual plots, and found to satisfy the assumptions of normality and homogeneity of data for parametric models. All statistical analyses were performed using R (v.3.4.2.2017-09-28, R Development Core Team 2017) except the analyses on initial fork lengths and masses, water depths and velocities in the artificial channels, which were performed using IBM SPSS 20 for Windows.
Results
Overall, access to FW decreased mass-specific growth rates of juvenile brown trout over the entire study period (total study period, 117 days; Table 1A ). No interaction on FW treatment and any of the subperiods was found (Table 1B) .
The accumulated effect of FW on growth over the total study period was a result of both positive and negative individual growth rates during the subperiods (Table 1B) . Brown trout weighed in early fall (ten fish per section) had gained mass since late summer (subperiod 1), and 8% of these brown trout lost mass from early to late fall (subperiod 2). During the last period (subperiod 3), from late fall to early winter, 34% of fish had lost mass.
The majority of the brown trout sampled had at least some prey in their guts; in subperiod 1 only 6% of the guts were empty, in subperiod 2 none, and 5% in subperiod 3. There was no significant difference in relative gut fullness of trout in FW and control sections at any of the sampling periods (Table 1C) . Total benthic density did not differ significantly among treatments (estimate ± S.E. = 2985.0 ±4119.2, df = 2, t = 0.725, p = 0.544). Total benthic invertebrate densities on the bottom gravel and pebbles were 9200 ± 5500 ind. m -2 (mean ± 1 SD) in subperiod 1, 3300 ± 1900 ind. m -2 in subperiod 2, and 6900 ± 4500 ind. m -2 subperiod 3 (n = 4). Benthic invertebrate densities on FW sticks were 3900 ±1900 ind. m -2 (mean ± 1 SD), 3200 ±1300 ind. m -2
, and 4400 ±1200 ind. m -2 fall (n = 9), respectively. Composition of brown trout diet, measured as the proportion of guts containing different prey groups, changed from fall to early winter. At all sampling periods, the five most common groups of prey were casebearing Trichoptera larvae (occurring in 56% of the guts pooled over treatments and sampling dates), Chironomid larvae (54%), free-living Trichoptera larvae (47%), Table 1 Effect of fine wood access (FW added vs. no FW added) on mass specific growth rates (SGR) during A) the total study period (i.e. early summer -early winter; 117 days); and B) by divided into three sub-periods: subperiod 1: late summer -early fall (26 days), subperiod 2: early fall -late fall (28 days), subperiod 3: late fall -early winter (63 days). The first subperiod and control is used as intercept; and C) Relative gut fullness analysed separately in three subperiods: subperiod 1: samples taken early fall, subperiod 2: samples taken late fall, and subperiod 3: samples taken early winter. The control is used as intercept. All results are given as treatment contrasts. Significant results are indicated by bold type Growth rate Estimate ± S.E. Asellus (39%) and Ephemeroptera larvae (29%). During the fall, case-bearing Trichoptera larvae were the most common prey; they occurred in 57% of the guts in subperiod 1 and 85% of the guts in subperiod 2. In subperiod 2, Ephemeroptera larvae were significantly more common in guts from FW sections (29%) than from control sections (19%; Table 2 ). Asellus occurred somewhat more often in guts from control sections throughout the study period and this difference was significant in the subperiod 1, when 34% of the guts from control and 30% of the guts from FW sections contained Asellus (Table 2) . In subperiod 3, Ephemeroptera larvae were the most common group of prey consumed, and was found in 47% of the guts. Case-bearing Trichoptera were the fifth most common group of prey consumed, and occurred in 25% of the guts. Chironomid larvae were significantly more common in guts from control than from FW sections ( Table 2 ). Their occurrence differed by a factor of nearly two, with 58% of the guts from control sections containing chironomids, but only 30% of the guts from FW sections. Earlier during the study period, chironomids were the most common invertebrate on FW sticks (36% and 48% in subperiod 1 and subperiod 2, respectively), and on the bottom gravel (45% and 54%).
The distribution of brown trout along the treatment sections was significantly different between the control and FW sections at all sampling periods (Table 3 ; Fig. 3) . In FW sections, we located most of the fish among the FW bundles, and few fish in the remainder of the stream section, while in the control sections the fish were more evenly distributed within the channel. In FW sections, 47-83% of brown trout individuals were located among the FW bundles. In total, 236 fish (65.6%) were located in subperiod 1 and subperiod 2, and 234 (65.0%) in subperiod 3.
Discussion
It is well-known that organisms experience a trade-off between predation risk and growth when they make adjustments of habitat use to avoid predation (Werner et al. 1983; Gilliam and Fraser 1987; Tonn et al. 1992 ). In our experiment, no predators were present except gulls and ospreys, and a maximum of three fish may have been predated on (all the others survived throughout the experiment, or died by other reasons than predation). It is still plausible that brown trout with access to FW minimized perceived predation risk by hiding, while brown trout without FW access instead maximized feeding rates and grew faster. Although we did not measure predation risk, PIT-tracking indicated that the brown trout aggregated among FW and likely used FW as a shelter. It is possible that some of the brown trout in FW shelters moved there as a response to the PIT-antenna, and that this was more frequent in the fall when water temperatures were higher as compared to early winter when temperatures were lower (Hill et al. 2006; Ellis et al. 2013) . If so, the use of FW shelters in fall may be slightly overestimated in relation to the use in early winter, but the general pattern of brown trout aggregation among FW was clearly demonstrated for all seasons.
In this study, we found that young-of-the-year brown trout with access to FW bundles had lower growth rates than brown trout in a less complex environment. Our results may be interpreted as supporting earlier studies of reduced foraging activity for animals with access to shelters (Brown and Kotler 2004; Creel and Christianson 2008; Enefalk and Bergman 2016a) , although we did not find any differences in gut fullness at the few occasions when this was sampled. We suggest that growth was restricted by intraspecific competition for prey due to a high fish density among the FW, i.e. the local fish density among FW exceeded the saturation level of the habitat (Post et al. 1999; Dolinsek et al. 2007; Teichert et al. 2010; Orrock et al. 2013; Kiffney et al. 2014) . If so, the encounter rates with prey were likely lower when brown trout sheltered in the FW bundles (Mittelbach 1981) . Also, it has been shown that in shelter-limited habitat, fish are more active, become diurnal and are active over a wider span of time each day, compared with fish with access to abundant shelters (Larranaga and Steingrímsson 2015; Zavorka et al. 2016) . As a consequence, shorter time spent for feeding among sheltering fish may have resulted in lower daily ration, and further to reduced growth compared to potentially more active fish in shelter-limited habitat. Brown trout are opportunistic predators and several studies have reported diet shifts in relation to season, temperature and prey availability (Cunjak and Power 1987; Newman 1987; Syrjänen et al. 2011) . In accordance, seasonal differences in brown trout diet composition were observed in channels. For example, brown trout consumed more Ephemeroptera larvae and less casebearing Trichoptera larvae in winter than in fall. In early winter, the proportion of trout with chironomids in their guts were lower in FW than in controls, whereas that was not the case earlier during the season. Chironomid larvae were the most common prey group in benthos in fall, and have been considered an important prey with potential effects on growth of salmonids (Kiffney et al. 2014) . We suggest that the low occurrence of chironomid larvae in guts from FW sections in early winter could be due to a depletion of chironomid prey in the FW bundles, caused by a strong and long-lasting predation pressure from brown trout. Depletion of prey in shelter-rich areas has been reported for other vertebrates (Motro et al. 2005; Eccard et al. 2008) . Chironomid larvae were one of the late fall -early winter). Long grey bar indicates the location of added FW, and small grey bars the location of the bricks. The arrow shows the direction of the water flow two most common prey types in brown trout diet, and less consumption of this important prey could be one possible cause of the lower growth rates in FW microhabitats. We found a high occurrence of case-bearing Trichoptera in brown trout guts among all season and in both FW and control channels. This group of prey is known to be uncommon in drift (Merritt et al. 2008) , which demonstrates that brown trout in channels did not feed exclusively on drifting prey. A high degree of epibenthic feeding is reported in some studies on juvenile brown trout (Kreivi et al. 1999; Syrjänen et al. 2011; Gustafsson et al. 2012; Enefalk and Bergman 2016a) and has also been observed for grayling (Thymallys thymallys) (O'Brien and Showalter 1993). The results indicate, together with observations in literature, that, at least during autumn and early winter, young brown trout are also able to take advantage of epibenthic food resources available in various types of habitats.
As predicted, and in accordance with previous studies, brown trout aggregated among FW (Kalleberg 1958; Culp et al. 1996; Finstad et al. 2007; Whiteway et al. 2010) . PIT-tracking showed that brown trout aggregation among and near FW was seasonally consistent, which suggests that FW makes up an important habitat for juvenile brown trout across a wide range of water temperatures.
The aggregation of brown trout in FW bundles in the experimental arenas resulted in a decrease in their growth rates and differences in diet composition. Our results contribute to the relatively small but increasing knowledge of shelter effects on juvenile salmonid growth and distribution. However, one should take into consideration that our experimental channels lacked structures common in natural streams, such as riparian vegetation, coarse stream bottom substrate and instream vegetation. The microhabitat was thus less complex than in a natural stream, where brown trout have access to other shelters than FW and have opportunities for using the entire range of available shelters (Jonsson and Jonsson 2011) . Also, our system was closed, and in an open system migration could have played a role, e.g. by either increasing or decreasing the density of juvenile fish in shelter-rich microhabitats (Dolinsek et al. 2007) , or in microhabitats with low cover and low prey availability (Wilzbach 1985) . Moreover, diet and location were only sampled three times over the course of our study, thereby providing valuable but limited insights into seasonal brown trout diet and habitat choice, and not a complete mechanistic understanding of these issues. In spite of these limitations we found strong evidence that the presence of FW bundles resulted in decreased growth rates of brown trout, presumably because fish sheltered rather than foraged actively (e.g. Larranaga and Steingrímsson 2015) and the local densities among FW were beyond territorial saturation (Post et al. 1999) .
